Abstract: Acute intestinal ischemic injury (i3) is a lifethreatening condition with disastrous prognosis, which is currently difficult to diagnose at the early stages of the disease; a rapid diagnosis is mandatory to avoid irreversible ischemia, extensive bowel resection, sepsis and death. The overlapping protein expression of liver and gut related to the complex physiopathology of the disease, the heterogeneity of the disease and its relative rarity could explain the lack of a useful early biochemical marker of i3. Apart from non-specific biological markers of thrombosis, hypoxia inflammation, and infection, several more specific biomarkers in relation with the gut barrier dysfunction, the villi injury and the enterocyte mass have been used in the diagnosis of acute i3. It includes particularly D-lactate, intestinal fatty acid-binding protein (FABP) and citrulline. Herein, we will discuss leading publications concerning these historical markers that point out the main limitations reagrding their use in routine clinical practice. We will also introduce the first and limited results arising from omic studies, underlying the remaining effort that needs to be done in the field of acute i3 biological diagnosis, which remains a challenge.
Introduction
Acute intestinal ischemic injury (i3) is a life-threatening condition associated with a high short-term mortality rate ranging from 32% to 86%. Such a prognosis remains unchanged through decades despite significant improvements in vascular surgery, interventional radiology and resuscitation. In the emergency setting, these catastrophic outcomes are closely linked to delays in diagnosis [1] and treatment, which is of major concern since the early presentation of acute i3 is potentially fully reversible when using a specific multimodal management that includes revascularization [1, 2] . However, at this stage, the clinical presentation is dominated by acute non-specific abdominal pain without any other discriminating clinical or biological characteristics [3] . As a result, early diagnosis may only be achieved by a high degree of clinical suspicion and a prompt confirmation by an abdominal computed tomography (CT) scan angiography identifying features of both splanchnic vascular insufficiency and intestinal injury [4] . However, selection of patients requiring CT evaluation remains a challenge due to the lack of an available diagnostic sign or biomarker. As a consequence, physicians have long sought to identify a biomarker or a combination of markers to ensure a sensitive, specific and early diagnosis of acute i3. In this study, we will review the basis of the pathophysiology of i3, the conventional past and present strategies for biomarker discovery and their remaining gaps and introduce the new perspectives opened by the "-omics" technologies. We focused in the first part of this review on human clinical studies, then we presented the pre-clinical research in the second part since we did not find enough published materials to limit our presentation to humans.
process that begins with an intermittent or continuous, complete or incomplete decrease in digestive blood flow. Subsequent mucosal/submucosal ischemia evolves into transmural ischemia, often acute, followed by intestinal necrosis and death without treatment [5] .
Several theories have been proposed to explain how this non-infectious vascular disease could lead to systemic inflammatory response syndrome (SIRS) followed by sepsis and multi-visceral failure [6] .
Multistep pathophysiology
Acute mesenteric ischemia (AMI) should be considered as one of the stages of the i3 process (Figure 1 ), which starts from digestive vascular insufficiency to intestinal necrosis. Ischemia begins early and superficially and then spreads deep and in the surface of the intestinal wall. Vascular insufficiency is initially responsible for an inadequacy between inputs and requirements for energy substrates by overcoming the adaptive processes of a digestive territory. This loss of homeostasis results from a sudden decrease or interruption of the splanchnicmesenteric blood flow. The decrease in splanchnic blood flow in the proximal circulation induces a deep extension of the ischemia which then becomes transmural and gangrenous. Conversely, when perfusion abnormalities relate to intra-parietal arterioles, lesions of ischemia remain superficial.
Intestinal vascular insufficiency leads to hypoxia, first with mucosal and submucosal consequences. The hypoperfusion of the intestinal mucosa is responsible for an early hypoxic cellular desquamation of the intestinal villi. Polymorphonuclear neutrophils are early major lesional actors that adhere and migrate to the ischemic site to ensure the removal of tissue debris during necrosis. Mucosal and submucosal cells switch to anaerobic glycolysis with local production of lactate initially fully metabolized by the liver. The increase in intracellular acidosis blocks anaerobic metabolism and the membrane pumps of ionic and acidbase regulation. This leads to a profound alteration of cellular homeostasis and, ultimately, to cell death by apoptosis [7] [8] [9] . Initially, there is a dissociation between high porto-mesenteric blood lactate levels and normal peripheral blood lactate levels due to the active liver metabolism [1] . Systemic lactic acidosis is, therefore, a late phenomenon, which often indicates intestinal necrosis and the onset of a multi-visceral failure [10] . Associated endothelial lesions can lead to platelet, pro-and anti-thrombotic agent (protein C, S, and antithrombin) consumption, which causes the hemorrhagic syndrome.
Furthermore, the intestinal neuro-hormonal regulation of vasomotricity is associated with the activation of the renin-angiotensin-aldosterone system, which i3 is the result of a multistep process that is initially limited, reversible and then became systemic and irreversible and led to death. The pathophysiological process can be divided into two main stages related to the prognosis, the early and reversible phase and the late and irreversible phase.
maintains the mucosal oxygen extraction rate. This induces a reflex splanchnic arterial vasospasm, irrespective of the initial vascular mechanism, that may prolong and worsen ischemia despite therapeutic revascularization. This vasoconstriction accompanies, for example, situations of hypovolemia, during which digestive ischemia develops before clinical hemodynamic instability [11, 12] . The disruption of the epithelial barrier resulting from mucosal alterations leads to interactions among microorganisms, bacterial antigens, endotoxins of the intestinal lumen with the mucosal and submucosal immune system. The stimulation of innate immunity will result in local then systemic inflammatory pathways activation such as TLR, NF-κB or TNF [13, 14] . Through the bloodstream, bacteria, endotoxins, cells degradation products and activated immune cells translocate and promote SIRS. Cytokines, chemokines, cellular and bacterial debris can also reach the pulmonary circulation from the lymphatic circulation and thus cause acute respiratory distress syndromes [15, 16] . The absence of a rapid recovery of a sufficient digestive perfusion leads to irreversible transmural necrosis and then to peritonitis. Without intestinal resection, the SIRS evolves to multiple organ syndrome and death [16] .
In the model of the "gut origin of sepsis", the gut was considered to be the "motor" of multi-organ failure [11, [15] [16] [17] . Aside from its barrier function, the gut contains growth factors, adenosine and hormones, which are potential mediators of the modulation of intestinal inflammation and repair, due to their roles in cellular proliferation, differentiation, migration, apoptosis and autophagy [18] [19] [20] [21] [22] . Physiologically, the gut could initiate and propagate sepsis due to the ability of bacteria, endotoxins, and other antigens to translocate, along with the production of pro-inflammatory cytokines and toxins [11] . In the "three hits model", Deitch [23] added the phenomenon of reperfusion injury. In the "gut-lymph" theory, bacteria, cellular components, immune cells, cytokines and chemokines generated by the injured gut travel via the lymphatics to reach the pulmonary circulation, activating alveolar macrophages and contributing to acute lung injury, acute respiratory distress syndrome and multi-organ failure related to AMI [15, 16, 24] .
Intestinal autodigestion
This quite recent concept describes the effect of pancreatic enzymes on the intestinal barrier altered by ischemia. Self-digestion contributes to the worsening of i3 lesions and the development of the related systemic inflammatory response. Degradation products of pancreatic enzymes, residues of bacterial products pass through the lymphatic, hematogenous or peritoneal barrier and are likely to induce not only a loco-regional but also a systemic reaction [19, 20] . In animal models, inhibition of these enzymes results in a decrease in intra-parietal micro-bleeding, systemic inflammatory response, and even in mortality in some studies [21] . The action of these enzymes would involve degradation of inter-enterocytic tight junction's proteins such as E-cadherin. Moreover, these enzymes would also induce a cleavage of the prometalloproteinases into active metalloproteinases [22] .
The systemic consequences of bowel ischemia and necrosis are lethal in most patients in the absence of curative treatment including revascularization [25, 26] . However, reoxygenation of the digestive mucosa can also paradoxically worsen epithelial and vascular lesions, due to an oxidative burst mechanism causing the influx and death of neutrophils with the formation of neutrophil extracellular traps and the secretion of their granular content [27] .
Clinical unmet needs in the diagnosis workup of i3: urgent need for a biomarker
Early diagnosis of i3 requires a high degree of suspicion faced with any abdominal pain, especially when the pain is sudden or rapidly growing ("vascular-like"), unusual, intense and requiring opioids. Other clinical and biological associated signs (vomiting, diarrhea, gastrointestinal hemorrhage, hyperleukocytosis, lactic acidosis) are not constant or appear too late in the course of the disease and have no diagnostic value [1] . In our retrospective experience of a cohort of 221 patients, peritoneal signs, organ failure and serum lactate elevation were initially lacking in 85%, 77% and 57% of the cases, respectively [28] . When unrecognized at this stage, the diagnosis was carried out later at the stage of necrosis and complications, explaining why 184/221 (83%) of the patients required intestinal resection, resulting in short bowel syndrome in 148/184 (80%).
Improving the prognosis of i3 requires the discovery of early, sensitive and specific diagnostic biomarkers. In the last decade, some potential biomarkers have emerged from the literature. Some of these markers have been studied with particular interest, because of their higher presumed enterocyte specificity.
Materials and methods

Searching strategy
In an attempt to identify all studies that evaluate markers for human intestinal ischemia, two methods were used to retrieve information for this review. First, we conducted search onto the on-line databases PubMed and Google. The search was conducted using the following terms: ((("mesenteric ischemia" The second method was to examine the references of the articles found by the electronic searches methods for additional citations.
With the use of retrieval mentioned above method, all English-language studies describing human subjects were considered for this review.
Selection
Two authors performed the searches. Any duplicates were removed. Two authors selected resulting articles independently. A first selection was made by screening the titles and abstracts of all articles. Next, full articles were read to make a final selection. Where there was no consensus, the manuscript was discussed with all authors to make a final decision about inclusion.
Non-specific biomarkers Common laboratory findings
Variations in common biological blood parameters (base deficit, lactate dehydrogenase, aspartate aminotransferase, creatinine phosphokinase, alkaline phosphatase, phosphate, amylase) have frequently been observed [29, 30] . Metabolic acidosis is commonly observed as presented earlier.
Regarding hematological parameters, attention has been given to platelet indices, particularly platelets volume, but also to the various combination of neutrophils, lymphocytes and platelets ratios [31] . Budak et al. [32] proposed in a systematic review that low platelets volume could be used in the diagnosis, but considered that high platelet volume would be a poor prognosis indicator. As a whole, the use of such indices appears to be difficult to translate into clinical practice.
Biological markers of thrombosis
D-dimer, an enzymatic degradation product of fibrin, has been found to be the most consistent highly sensitive early marker, but has low specificity. Moreover, D-dimers are usually increased either in arterial or venous occlusive forms (A. Nuzzo and O. Corcos, personal communication), although they remain in the normal range in nonocclusive acute i3 [33] . In a meta-analysis, Cudnik et al. [34] evidenced that L-lactate and D-dimers exhibited a good pooled sensitivity (96%), although both were not specific enough (40%) to be used as diagnostic markers. The inclusion of both occlusive and non-occlusive forms of i3, as discussed in the larger paper of Matsumoto et al. [33] , could lead, however, to high heterogeneity in patients. However, a recent meta-analysis estimated the area under the curve (AUC) of the receiver operating curve (ROC) of D-dimer to 0.81, underlying its potential utility in clinical practice [35] .
Biological markers of hypoxia and oxidative stress
L-lactate is a ubiquitous product of glycolysis in the context of anaerobia. In 1994, Lange and Jackel [36] qualified L-lactate as the best marker of intestinal ischemia, regarding its negative predictive value. However, as expected, L-lactate elevation in plasma could not differentiate intestinal ischemia from the other etiologies of abdominal emergencies or intensive care diseases [37] [38] [39] . Its elevation better reflects the late stage of the disease, with extensive transmural necrosis, anaerobic metabolism due to systemic hypoperfusion [10] . Hence, it should not be used anymore as an early diagnostic marker of AMI [40] .
Glutathione S-transferases (GST) are enzymes involved in the detoxification of a wide variety of endoand xeno-biotics, conjugating them to glutathione. These enzymes are sensitive biomarkers of cytolysis, with a very short half-life, and are currently used in the diagnosis of hepatic cytolysis [41] . A-GST showed a significant increase in 50% of acute i3 patients, as compared with 12 other types of unclear acute abdominal pain suspected as being ischemic, with a negative predictive value of 100% [42] . In the analysis published by Evennett et al. [30] , the pooled estimate of sensitivity was 68% and the pooled estimate of specificity was 85%. However, A-GST also increases in non-specific hypotensive patients with multiple organ failures [43] .
During acute ischemic conditions, albumin's metalbinding capacity is reduced, leading to the appearance of a metabolic variant known as ischemia-modified albumin (IMA). It is a sensitive but non-specific marker of myocardial and muscle ischemia, pulmonary embolism and stroke [44] . IMA is usually measured in the plasma or serum by enzyme-linked immunosorbent assay (ELISA) or using an assay based on a spectrophotometric method that measures altered cobalt-human serum albumin binding. Significantly increased plasmatic concentrations were found at admission time of seven patients with acute i3, as compared to healthy controls [45] . Another small study reported 100% sensitivity and 86% specificity in the detection of 12 intestinal ischemia in preoperative plasmas of 26 patients scheduled for exploratory laparotomy of mesenteric ischemia suspicion [46] .
Biomarkers of inflammation
The C-reactive protein is commonly increased in acute i3. Acute inflammatory mediators such as interleukin-2 and 6 and tumor necrosis factor are non-specific of intestinal injury, although interleukin-6 (IL-6) has been proposed to be both sensitive and specific in a small cohort of 10 AMI [47] .
Biomarker of infection
Acute i3 is usually associated with an increase in leukocytosis that can exceed 20 G/L [48] . Procalcitonin (PCT) has been proposed for the diagnosis of AMI. This precursor of the calcitonin is currently used in clinical practice for the differential diagnosis of infection of bacterial origin. According to a systematic review by Cosse et al. [49] , PCT's positive and negative predictive values for the diagnosis of acute i3 ranged between 27% and 90% and between 81% and 100%, respectively. As underlined by the authors, PCT is usually elevated during sepsis, in specific bacterial infections, and in various types of ischemias. As a whole, the use of PCT for the diagnosis of acute i3 lacks specificity.
Finally, none of the parameters cited above show enough clinical accuracy as a diagnostic marker of early, limited and reversible i3, which is mandatory to prevent the occurrence of intestinal necrosis and reduce the mortality rate. Therefore, the markers cited above, which can be assessed through current laboratory assays, show acceptable sensitivities, but none of them are specific enough to be used as a diagnostic marker.
Promising candidate biomarkers
In a candidate approach, some markers related to the pathophysiology of ischemia, intestinal insufficiency and gut barrier failure would be of interest in the biological diagnosis. Selected clinical studies concerning these biomarkers are presented in Table 1 .
D-lactate, a biomarker of gut barrier dysfunction
D-lactate, the second stereoisomer of lactate, is a byproduct of bacterial fermentation, with only a small amount being produced by human cells [58] . It can be found in the circulation after ischemic injury, increased intestinal permeability, or bacterial overgrowth. i3 is associated with growth of the resident bacterial microbiota that releases D-lactate into portal and systemic circulations. The analysis of D-lactate concentration requires strict preanalytical conditions, which are comparable to the one needed for the assessment of L-lactate concentration. D-lactate is usually assayed using an enzymatic UV spectrophotometric method on deproteinized plasma [59] . This latter method could be automated [60] . In the last decades, few studies were focused on the use of seric D-lactate in the biological diagnosis of i3. In 2006, in a prospective study, Collange et al. [61] compared D-lactate concentrations in 29 surgical abdominal aortic aneurysms patients (AAA), which may be associated with i3. D-lactate levels were increased in AAA patients for whom the inferior mesenteric artery was hypoperfused during the surgery (n = 6, 0.13 mmol/L), as compared with AAA patients without hypoperfusion (n = 23, 0.03 mmol/L, p = 0.007). In 2015, Shi et al. [55] showed that serum D-lactate levels were increased in i3 patients (52.73 ± 26.46 μg/mL in i3 vs. 15.58 ± 5.17 μg/mL in non-intestinal ischemia) and could participate in the diagnosis. As a whole, according to the For simplification, the units were harmonized. LR+, likelihood ratio +; LR−, likelihood ratio −; PPV, positive predictive value; NPV, negative predictive value; n, number of patients. chosen threshold, the sensitivity of this marker in either plasma or serum ranged between 67% and 90%, whereas the specificity reached 87%. The design of the studies and their definition of intestinal ischemia were, however, heterogeneous. Therefore, there is a need for larger studies with well-characterized populations to confirm the potential use of D-lactate. This could be a promising track since the assay could be easily automated.
Fatty acid-binding proteins (FABP), biomarkers of villi injury
FABP are cytosolic proteins involved in the uptake and intracellular transport of fatty acids. The mature enterocyte expresses three isoforms: intestinal FABP (I-FABP), ileal bile acid-binding protein (I-BABP) and liver FABP (L-FABP). The intestine, liver and kidneys express L-FABP, whereas I-BABP is specific of the ileum. I-FABP is a 15-kDa soluble protein expressed by enterocytes located at the tips of the intestinal mucosal villi, the anatomical region that is first affected by ischemic injuries. In physiological conditions, I-FABP is low in peripheral circulation and is cleared via the urine [62, 63] . After mucosal tissue injury, and especially enterocyte necrosis, the protein is quickly released into the bloodstream [64] . The liberation of the biomarker has been shown in rat to be concomitant with the ischemia [62] underlying its potential interest as a very early diagnosis marker [64] .
Many studies have reported a relationship between blood I-FABP concentration and small intestinal diseases, in acute i3, critically ill patients, or post cardiac surgery, in which i3 represents roughly 1% of common complications [65] . Most of them are presented in Table 1 .
In clinical settings, I-FABP concentrations measured in peritoneal fluid, plasma and urine are significantly higher in patients with i3 than in healthy controls and patients with other causes of the acute abdomen [66] [67] [68] . In peritoneal fluid, whose presence reveals late and severe disease, high levels of I-FABP were detected in patients with intestinal diseases [68] .
In the study by Kanda et al. [67] , elevated levels of serum I-FABP upon admission at the hospital were associated with 2/8 patients presenting with a strangulated bowel obstruction and 5/5 patients suffering from acute i3, whereas ranges were normal for healthy subjects (n = 35) and patients with abdominal pain of other etiologies (n = 48).
In a human experimental model of ischemia-reperfusion, Schellekens et al. [54] evidenced a correlation between the duration of ischemia and the increase of serum I-FABP. Kittaka et al. [53] found that serum I-FABP concentrations were significantly increased in patients with strangulated bowel obstruction (n = 21; 18.5 ng/mL), as compared with patients with simple obstruction (n = 16; 1.6 ng/mL).
Urine I-FABP could be a biomarker with high specificity and sensitivity (area under the receiver operating curve = 0.88) for the diagnosis of acute i3 in 18 patients with suspected i3 [57] .
Large variations are observed among studies regarding mean values and ranges. The comparison between seric and plasmatic values has not yet been published. Moreover, different ELISA kits are used participating to the variability of the results. For example, Shi et al. [55] described higher mean values and a higher cut-off value than other studies. As they do not mention the use of Hycult ELISA, which is used in all other studies, we can reasonably speculate that this difference could be related to the assay that was used.
A recent meta-analysis evidenced a pooled sensitivity of 80% for serum I-FABP, a pooled specificity of 85%, and an area under the ROC curve of 0.86 in the diagnosis of acute i3 [69] .
Citrulline, a biomarker of enterocyte mass and intestinal failure
Citrulline is a non-proteinogenic amino acid synthesized from glutamine by small bowel enterocytes. This amino acid is a precursor of nitrogen oxide and participates in the transformation of ammonia into urea, and in the synthesis of arginine. Its plasmatic concentration depends on gut synthesis and renal elimination, decreasing in short bowel conditions and thus known as a functional marker of enterocyte mass, correlated with remnant small bowel length and home parenteral nutrition dependence [70] . Citrulline is usually measured in plasma or serum, using ELISA methods, high-performance liquide chromatography or mass spectrometry. Critically ill patients with shock may have an acute non-occlusive i3 resulting in a reduction of enterocyte mass and related citrulline synthesis, leading to low plasma citrulline concentrations [71] . In a study by Piton et al. [71] , plasmatic citrulline concentration was shown to decrease in the first hours of shock in 24/55 critically ill patients and was correlated with mortality within 28 days.
In 2016, Kulu et al. [56] found that the concentration of plasmatic citrulline was significantly decreased in 23 patients with acute abdominal findings preoperatively attributed to AMI (mean: 0.72 mmol/L; range 0.57-0.84), as compared to those in patients with other acute abdominal conditions. Acute renal failure induces high plasmatic citrulline concentrations by decreasing renal clearance and citrulline transformation into arginine [72] , which may complicate the interpretation of the results in severe patients with multiorgan failures. Moreover, post prandial samples are associated with a 10%-20% decrease in blood concentration [72] . Moreover, some inter-ethnic variations have been described in reference ranges.
These results suggest that citrulline is probably more promising as a prognostic than a diagnostic marker of AMI. Moreover, the interpretation of a ratio between plasmatic citrulline and creatinine could help minimize the effect of acute renal failure leading to possible false-negative results.
Overview on current biomarkers
Two recent systematic reviews have presented similar data as ours. Derikx et al. [73] presented D-dimer, I-FABP and α-GST as the most promising biomarkers. Treskes et al. [74] calculated combined AUC for IFABP, D-lactates and α-GST and α-GST appeared to be the more accurate, before IFABP and D-lactates, with only discrete differences between AUC (0.876, 0.84 and 0.814), respectively. Overall, on the basis of available studies, IFABP, α-GST, D-dimers and D-lactates appear to be useful in the diagnosis of acute i3, none of this marker being performant enough to be use solely. Moreover, a recent study by Schellekens et al. [75] proposed the smooth muscle of 22 kDa (SM22) as a potential marker of transmural intestinal ischemia in patients, adding to the spectra of potential biomarkers in i3.
Extensive efforts are still needed to design studies with increased population size, well-characterized in terms of phenotypic groups, and with standardized preanalytical and analytical conditions. On the other hand, more performant biomarkers could perhaps emerge from omics studies.
Towards promising novel approaches for finding biomarkers
The lack of suitably validated markers for the diagnosis of i3 pushes the scientific community to continue their investigations on the search for the molecule that will help for the early diagnostic of i3 and that will prevent the complications and the need for surgery. The emerging use of omics in the discovery of biomarkers opens new ways.
Regarding genomic data, no clue arises from genetic studies in acute i3. However, no large genetic study has been published in this disease. The genetic variants predisposing to venous thromboembolism (i.e. factors V and II Leiden, MTHFR variants) could participate in the physiopathological process of the disease, although descriptions are rare and related to private patients [76] .
Transcriptomic studies in models of acute i3 are scarce. In a pig model with induced proximal arterial occlusion of the superior mesenteric artery, Block et al. identified a panel of up-and down-regulated mRNA (157 and 57 transcripts, respectively). Up-regulated mRNA included monocyte chemoattractant protein 1 (MCP1) and acyl CoA synthetase long-chain family member 4 [77] . In a preclinical study in swine, a microRNA signature was identified in an i3 model related to hypothermic circulatory arrest associated with the gut barrier dysfunction. This signature included a noticeable decrease in mRNA-31, which interacts with the hypoxia-inducible factor HIF function [78] .
Proteomic studies investigate the pool of full-length, truncated and post-traductionally modified proteins and peptides, whereas metabolomics explores the whole metabolic process of peptides, saccharides and lipids. Both approaches have been increasingly used for biomarker discovery in the last decade, thanks to the development of mass spectrometry and bioinformatics.
Experimental studies for acute i3 biomarkers search using both proteomic and metabolomics approaches are summarized in Table 2 . We found only five studies using heterogeneous techniques and models, and no common marker was evidenced.
Steelman et al. [83] confirmed in the horse the interest of citrulline as a biomarker. None of the proteomic studies identified in either pig or rodent FABP proteins. However, this could be due to imperfect animal models and interspecies variability. Regarding metabolomic studies, the only common observation was a decrease in glucose observed in two rodent models.
Conclusions
Acute i3 is a highly severe condition, with a high mortality rate and major anatomical and functional consequences in case of survival. Acute i3 represents a gut and life-threatening emergency for which the main identified prognosis factor is the precocity of the diagnosis and treatment. A large number of molecules have been proposed as potential biomarkers of i3. However, conflicting findings from different studies had very unsatisfactory results. We mainly chose to focus our review on the three promising biomarkers: I-FABP, D-lactate and citrulline. Even though these molecules are interesting candidates, the reported findings highlighted many limitations. In the clinical setting, most studies were performed in small populations, with high pre-test probability of high suspicion of intestinal ischemia, and at a late stage. Studies in early and less severe disease are still lacking. As observed in numerous diseases, the combination of several biomarkers rather than the use of a single marker is probably a better paradigm to explore. Moreover, the use of omics studies on well-phenotyped patients could be another promising track. Indeed, several works that used highscale proteomics and metabolomics studies have emerged in the last decade. The advantage of such a technique is to allow the identification of completely novel candidates that have not been hypothesized yet on the basis of physiopathology.
Nevertheless, in 2017, the need for early and robust biomarkers for i3 diagnosis remains.
